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(57) ABSTRACT 

Amagnetic transducer and a thin film magnetic head capable 
of suppressing a reduction in reproducing output and of 
obtaining an appropriate bias magnetic field and a method of 
manufacturing the same. An MR element comprises a stadc 
sensing an external magnetic field and magnetic domain 
control films applying a bias magnetic field to the stack. The 
magnetic domain control films are fabricated with a stack of 
magnetic domain control ferromagnetic films made of a 
ferromagnetic material and magnetic domain control anti- 
ferromagnetic films made of an antiferromagnetic material. 
The magnetic domain control ferromagnetic films are fab- 
ricated to have the magnetostriction Xs within a range of 
-15xlO"*'<Xs<0. The magnetostriction Xs in such a rangp 
suppresses increase in hysteresis in a change of the magne- 
tization of the magnetic domain control ferromagnetic film 
to an extemal magnetic field. The magnetic domain control 
ferromagnetic films always produce a constant bias mag- 
netic field. As a result, output from the stack becomes stable. 

16 Claims, 13 Drawing Sheets 
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MAGNETIC TRANSDUCER, THIN FILM 
MAGNETIC HEAD AND METHOD OF 
MANUFACTURING THE SAME 



BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a magnetic transducer 
such as a magnetoresistive element, a thin film magnetic iq 
bead and a method of manufacturing the same. More 
particularly, the present invention relates to a magnetic 
transducer comprising a magnetic domain control film to 
suppress, for example, Barkhausen noise or the like, a thin 
film magnetic head and a method of manufacturing the -^s 
same. 

2. Description of the Related Art 

Recently, an improvement in performance of a thin film 
magnetic head has been sought in accordance vdth an 
increase in a surface recording density of a hard disk drive. 20 
A composite thin film magnetic head, which has a stacked 
structure comprising a reproducing head having a magne- 
toresistive element (hereinafter also referred to as an MR 
element) and a recording head having an inductive-type 
magnetic transducer, is widely used as a thin fikn magnetic 25 
head. 

MR elements include an AMR element using a magnetic 
film (an AMR film) exhibiting an anisotropic magnetoresis- 
tive effect (an AMR effect), a OMR element using a mag- 
netic film (a GMR film) ejdiibiting a giant magnetoresistive ^ 
effect (a GMR effect), and so on. 

The reproducing head using the AMR element is called an 
AMR head or simply an MR head, and the reproducing head 
using the GMR element is called a GMR head. The AMR ^5 
head is used as the reproducing head whose surface record- 
ing density exceeds 1 gigabit per square inch (0.155 gigabits 
per square centimeters), and the GMR head is used as the 
reproducing head whose surface recording density exceeds 
3 gigabits per square inch (0.465 gigabits per square ^ 
centimeters). 

As the GMR film, a "multi-layered type 
(antiferromagnetic type)" film, an "inductive feiromagnetic 
type" film, a "granular type" film, a "spin valve type" film 
and the like are proposed. Of these types of films, the ^in 45 
valve type GMR film is most efficient as the GMR film 
which is relatively simple in structure, exhibits a great 
diange in resistance in a low magnetic field, and is suitable 
for mass-production. 

FIG. 20 is a sectional view of the magnetoresistive 50 
element, which uses a spin valve type GMR film (hereinafter 
referred to as a spin valve film) disclosed in Unexamined 
Patent Application Publication No. Hei 8-45032, parallel to 
the opposed face (medium-facing surface or air bearing 
surface; ABS) to a magnetic recording medium. The mag- 55 
netoresistive element has the stacked structure comprising a 
free layer 63 made of a soft magnetic material, a spacer layer 
65 made of a nonmagnetic metal, a pinned layer 70 made of 
a ferromagnetic material and an antiferromagnetic layer 66 
made of an antiferromagnetic material in the order named on 60 
an underlayer 62 made of Ta (tantalum) or the like. The 
antiferromagnetic layer 66 is covered with a protective layer 
67. Exchange coupling is induced on an interface between 
the pinned layer 70 and the antifenomagnetic layer 66, and 
thus the orientadon of the magnetization of the pinned layer 65 
70 is fixed in a direction indicated by 71 in the drawing, for 
instance. On the other hand, the orientation of the magne- 
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dzation of the free layer 63 is freely changed in accordance 
with a signal magnetic field from a magnetic recording 
medium because the free layer 63 is isolated from the 
antiferromagnetic layer 66 by the spacer layer 65. 

Reproducing of information using such a spin valve film, 
that is, the detection of a signal magnetic field from a 
magnetic recording medium is performed as follows. A 
detecting current (sense current) as a direct constant current 
is fed through the free layer 63 through lead electrode layers 
92a and 92b in the direction indicated by 64 in the drawing, 
for example. Receiving the signal magnetic field from the 
magnetic recording medium rotates the magnetization of the 
free layer 63. The current passing through the free layer 63 
is subjected to the resistance in accordance with a relative 
angle between the orientation of the magnetization of the 
free layer 63 and the fixed orientation of the magnetization 
of the pinned layer 70 and thus the resistance is detected as 
a voltage. 

In such a magnetoresistive element, it is considered to 
apply a bias magnetic field to the free layer 63 to reduce 
Barkhausen noise. The Barkhausen noise is caused when 
many magnetic domains having random orientations of 
magnetizations change to one large magnetic domain, that 
is, change to a single magnetic domain, having a common 
orientation of magnetization under the influence of an exter- 
nal magnetic field. 

Providing a magnetic domain control film produces the 
bias magnetic field. The magnetic domain control film is 
consisted of two layers of magnetic domain control ferro- 
magnetic films 90a and 90b formed to sandwich the free 
layer 63 and of magnetic domain control antiferromagnetic 
films 90a and 90^ deposited thereon, respeaively. The 
orientation of the magnetizations of the domain control 
ferromagnetic fihns 90a and 906 is fixed by exchange 
coupling on each interface between the magnetic domain 
control ferromagnetic film 90a and the magnetic domain 
control antiferromagnetic film 90a, and the magnetic 
domain control ferromagnetic film 90b and the magnetic 
domain control antifenomagnetic film 90b in the direction 
indicated by 90c in the drawing. The bias magnetic field 
indicated by 64 in the drawing is applied to the free layer 63 
sandwiched between the magnetic domain control ferromag- 
netic films 90a and 90b, The bias magnetic field flows to the 
same direction as sense current and is called as a "longitu- 
dinal bias**. 

The explanation of magnetostriction of the magnetic 
domain control ferromagnetic films 90a and 90b will be 
made here. FIG. 21 simply illustrates the orientation of the 
magnetizations of the magnetic domain control ferromag- 
netic films 90a and 90b and a bias magnetic field applied to 
the free layer 63 as seen from above of the magnetoresistive 
element (the direction indicated by the arrow XXI in FIG. 
20). The face indicated by reference character S in the 
drawing is a medium-facing surface opposite to the mag- 
netic recording medium. 

The magnetoresistive element is overlaid on the shield 
layer (not shown) or the like to make the reproducing head. 
It is known that the tensile stress F is applied on such 
reproducing head in the direction orthogonal to the medium- 
facing surface S. At this time, "tensile strain" (strain in the 
direction of the expansion Exp) parallel to the tensile stress 
F and "compression strain" (strain in the direction of the 
compression Com) perpendicular to the tensile stress F are 
developed in the magnetic transducer. If the magnetostric- 
tios Xs of the magnetic domain control feiromagnetic films 
90a and 906 is positive, the magnetization diereof may 
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orient the same direction as tensile strain. That is, the ferromagnetic film made of a fenomagnetic material; and a 

magnetization of the magnetic domain control ferromag- magnetic domain control magnetization fix fihn for fixing 

netic films 90a and 90b rotates toward the tensile direction the orientation of the magnetization of the magnetic domain 

as indicated by dashed lines in the drawing. In this case, the control ferromagnetic film, wherein the magnetostriction Ks 

bias magnetic field produced in the free layer 63 is weakened 5 of the magnetic domain control ferromagnetic film is within 

by the rotation of the magnetic domain control ferromag- * range of -15x10" <Xs<0. 

actic films 90a and 90b. In a magnetic transducer of the invention, the magneto- 

Unexamined Patent Applicatioo Publication No. Hei striction of the magnetic domd^^ 

6-84145 proposes that the magnetostriction U of the mag- ^"^^ » °^ <l^f ^° that hysteresis 

netic domain control ferromagnetic fihn is a negative value lo ^he magnetization of the magnetic domain 

having a large absolute value,7pecifically, ?^^-15xlO-^ If ^^^'ff^H '^T.^f ^'^"^ 

«f ^ t ♦ • «• \ f «u ;• J • * 1 relatively small. The magnetic domam control fenomag- 

Oie magnetostnction Xs of the magneUc domam control ^ ^^^^ ^ ^^^^^^ magnetization, that te, 

ferromagnetic film is negative, when the tensile stress F is „ever has a plurality of magnetizations in operation of the 

applied to the magnetic domain control ferromagneUc films magnetic transducer (for example, under an external mag- 

90a and 90b as in FIG. 21, the magnetization thereof may 15 ^^^^ ^^^^ ^^out 0). As a result, the magnetic domain 

oaent to the direction of compression strain. In this case, the contjoi ^ always appUes the constant bias magnetic field 

magnetic domain control ferromagnetic fibns 90a and 90b ^ magneto-sensitive layer and the output of the 

do not rotate and therefore the bias magnetic field produced magneto-sensitive layer becomes stable 

m the firee layer 63 is not weakened. ^ ^^^^^^^ transducer of the invention, the magnetic 

However, if the magnetostnction Xs of the magnetic ^ domain control fenomagnetic film may be made of NiFe 

domain control fenomagnetic film is set to T^^-lSxlOT , containing within a range of 82 to 90% by weight of Ni. Id 

hysteresis in a change of the magnetizaion of the magnetic the magnetic domain control ferromagneUc film fabricated 

domain control ferromagnetic fihn for the extemd magnetic ^jsing NiFe of such composition, the magnetostriction Xs of 

field increases. This results in instabihty in the output of a range of -15xlO-^<Xs<0 can be obtained, 

magnetoresistive element. ^ magnetic transducer of the invention, the magnetic 

Description is made by refcrrmg to FIGS. 22 and 23. domain control magnetization fix film may be made of an 

FIGS. 22 and 23 illustrate the relation between the external irregular base antiferromagnetic material. The inegular base 

magnetic field H and the magnetization M produced in the antiferromagnetic material can induce an exchange anisol- 

magnetic domain control ferromagnetic film. In FIG. 22, ropy magnetic field lo ferromagnetic materials without heat 

Hex indicates an exchange anisotropy magnetic field treatment. The magnetic domain control magnetization fix 

obtained by exchange coupling of the magnetic domain film made of an kregular base antiferromagnetic material 

control ferromagnetic fihn to the magnetic domain control induces an exchange anisotropy magnetic field on an inter- 

antiferromagnetic fihn. He indicates a coercive force of the face between the magnetic domain conttol ferromagnetic 

magnetic domain control ferromagnetic fihn. fi]m and the magnetic domain conteol magnetization fix fihn 

In general, die external magnetic field H appUed to the by stackmg these two layers without heat treatment, 
magnetic domain control ferromagnetic film is assumed to in a magnetic transducer of the invention, the magneto- 
be about 0 with the magnetoresistive element reproducing. sensitive layer may include a magneto-separative layer; a 

As an example shown in FIG. 22, if Hex is negative value soft magnetic layer formed on one side of the magneto- 

and have a small hysteresis, that is, the coercive force He is 4q separative layer, the orientation of magnetization of the soft 

small and the extemal magnetic field H is about 0 (a region magnetic layer being freely changed by an external magnetic 

E), the magnetization M is always positive value Ml. If Hex field; a ferromagnetic layer formed on the other side of the 

is positive value, the magnetization M is negative value M2 magneto-separative layer; and an antiferromagnetic layer 

in the region E. formed on the ferromagnetic layer on the side opposite to the 

On tiie other hand, in an example shown in FIG. 23, if 45 magneto-separative layer, 

hysteresis is large in a change of the magnetization M, that In a magnetic transducer of the invention, a stack pattern 

is, the coercive force He is large and the extemal magnetic includes the ferromagnetic layer, the magneto-separative 

field H is about 0 (the region E), the magnetization M of the layer and the soft magnetic layer may be formed on the 

magnetic domain control ferromagnetic film can take two antiferromagnetic layer and the magnetic domain control 

values (Ml and M2). Namely, the magnetic domain control 50 fihn may be formed laterally adjacent to the stack pattern on 

ferromagnetic film may change into either Ml or M2. As a the antiferromagnetic layer. The contact area of the 

result, the bias magnetization applied to the fi-ee layer may magneto-sensitive layer and the magnetic domain control 

change into two values of Ml or M2 and thus the output of fihn (only the contact area between the antiferromagnetic 

magnetic transducer may vary. layer and the magnetic domain control fihn) is widened by 

cTTiuxyTADv nc TTic TKr\/cKrrTnM 55 forming the magnetic domain control fihn on tiie antiferro- 

SUMMARY OF THE INVENTION magnetic layer of the magneto-sensitive layer. 

The present invention is designed to overcome the fore- Consequently, electrical contact resistance between the 

going problems. It is an object of the invention to provide a magneto-sensitive layer and the magnetic domain control 

magnetic transducer capable of suppressing a variation in fihn is reduced. 

output and obtaining an appropriate bias magnetic field, a 60 A thin film magnetic head of the invention comprises a 

thin film magnetic head, and a method of manufacturing the magnetic transducer having a magneto-sensitive layer 

same. detecting an extemal magactic field and a magnetic domain 

A magnetic transducer of the present invention compris- control film applying a bias magnetic field to the magneto- 

ing a magneto-sensitive layer detecting an extemal magnetic sensitive layer and the magnetic transducer may have any of 

field and a magnetic domain control film applying a bias 65 the structure described above. 

magnetic field to the magneto-sensitive layer, the magnetic A method of manufacturing a magnetic transducer of the 

domain control film includes: a magnetic domain control invention includes the steps of: stacking an antiferromag- 
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aetic layer, a ferromagnetic layer, a magneto-separative 
layer and a soft magnetic layer on a substrate in the order 
named; patterning the ferromagnetic layer, the magneto- 
separative layer and a soft magnetic layer to form a stack 
pattem including these three layers; and forming a magnetic 5 
domain control film including a magnetic fihn having the 
magnetostriction Xs within a range of -15xlO~^<Xs<0, . 
laterally adjacent to the stack pattern on the antiferromag- 
netic layer. In this method, the structure that the stack pattem 
consisted of the ferromagnetic layer, the magneto-separative lO 
layer and the soft magnetic layer and the magnetic domain 
control film are formed on the antiferromagnetic layer. 

In a method of manufacturing a thin film head of the 
invention, a thin film magnetic head comprises a magnetic 
transducer having a magneto-sensitive layer detecting an 
external magnetic field and a magnetic domain control film 
applying a bias magnetic field to the magneto-sensitive layer 
formed by die steps of: stacking an antiferromagnetic layer, 
a ferromagnetic layer, a magneto -separative layer and a soft 
magnetic layer on a substrate in the order named; patterning 20 
the ferromagnetic layer, the magneto-separative layer and a 
soft magnetic layer to form a stack pattem including these 
three layers; and forming a magnetic domain control film 
including a magnetic film having the magnetostriction Xs 
within a range of -15xlO"^<Xs<0, laterally adjacent to the 25 
stack pattem on the antiferromagnetic layer. 

Other and further objects, features and advantages of the 
invention will appear more fully from the following descrip- 
tion. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional view perpendicular to a medium- 
facing surface of the composite head of the embodiment of 
the invention; 35 

FIG. 2 is a sectional view parallel to a medium-facing 
surface of the MR element of the composite head shown in 
FIG. 1; 

FIG. 3 is a plan view of the composite head of the 
embodiment of the invention; 40 

FIG. 4 is a schematic view of a state of producing a bias 
magnetic field of the MR element shown in FIG. 2; 

FIG. 5 is a view illustrates the orientation of the magne- 
tization of each part of the MR element shown in FIG. 2; 

HG. is a view illustrates the relation of each pact of the 
MR element shown in FIG. 2 and an external magnetic field; 

FIG. 7 is a view illustrates the relation of the magneto- 
striction of the magnetic domain control ferromagnetic film 
and the variation in output of the embodiment of the so 
invention; 

FIG. 8 is a sectional view for describing a step of a 
method of manufacturing the composite head of the embodi- 
ment of the invention; 

FIG. 9 is a sectional view for describing the step contin- 
ued firom FIG. 8; 

FIG. 10 is a seaional view for describing the step 
continued from FIG. 9; 

FIG. 11 is a sectional view for describing the step con- 
tinued from FIG. 10; ^ 

FIG. 12 is a sectional view for describiog the step 
continued from FIG. 11; 

FIG. 13 is a sectional view for desmbing the step 
continued from FIG. 12; ^5 

FIG. 14 is a sectional view for describing a step of a 
method of manufacturing the composite head of the embodi- 
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ment of the invention and a magnified view of section 
parallel to a medium-facing surface; 

FIG. IS is a magnified sectional view for describing the 
step continued firom FIG. 14; 

FIG. 16 is a magnified sectional view for describing the 
step continued firom FIG. 15; 

FIG. 17 is a magnified sectional view for describing the 
step continued ftom FIG. 16; 

FIG. 18 is a magnified sectional view for describing the 
step continued from FIG. 17; 

FIG. 19 is a sectional view illustrates another example of 
the structure of the MR element; 

FIG. 20 is a view illustrates a sectional configuration of 
conventional magnetic transducer; 

FIG. 21 is a view illustrates the orientation of the mag- 
netization of each part of the magnetic transducer shown in 
FIG. 20; 

FIG. 22 is a view illustrates the relation of the magneti- 
zation of the magnetic transducer shown in FIG.20 and an 
external magnetic field; and 

FIG. 23 is a view illustrates the relation of the magneti- 
zation of the magnetic transducer shown in HG. 20 and an 
external magnetic field. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Embodiments of the invention wiU be described in detail 
below with reference to the accompanying drawings. 

Configuration of MR Element and Composite Head 

An MR element as a magnetic transducer according to a 
embodiment of the invention and a composite head as a thin 
film magnetic head using the same will be described with 
reference to FIGS. 1 to 3. 

FIG. 3 illustrates a plan view of the basic configuration of 
a composite head 100 of the embodiment. FIGS. 1 and 2 
illustrate sectional views taken along line I — I and line 
II— II in FIG. 3. As illustrated in FIG. 1^ the coir^osite head 
100 is consisted of a recording head 101 for recording 
information on magnetic recording media such as hard disk 
and a reproducing head 102 for reproducing information on 
magnetic recording media. The one end face of the com- 
posite head 100 (the left end face in FIG. 1) is the medium- 
facing surface (or air bearing surface; ABS) S opposite to a 
magnetic recording medium. 

An arrow Z indicates the direction of movement of the 
magnetic recording medium and an arrow X indicates the 
direction of track width of the magnetic recording medium, 
that is, the direction of reproducing track width of the 
composite head in FIGS. 1 to 3. An arrow Y indicates the 
direction facing the magnetic recording medium and the 
composite head 100. The signal magnetic field from the 
magnetic recording medium corresponds to a specific 
example of the "external magnetic field" of the invention. 

In FIG. 1, the composite head 100 has a substrate 1 made 
of, for example, AI2O3. TiC (altic). On the substrate 1, an 
insulating layer 2 of 2 to 10 /on in film thickness made of, 
for example, AI2O3 (alumina) and a bottom shield layer 3 of 
1 to 3 fim in film thickness made of a magnetic material such 
as NiFe (nickel-iron alloy: permalloy) are deposited. On the 
bottom shield layer 3, a bottom shield gap layer 4 and a top 
shield gap layer 8 of 10 to 100^ in fihn thickness made of 
AI2O3 or AIN (aluminum nitride) are formed. 

An MR element SO (FIG. 2) including a stack 5 that is a 
spin valve film is buried between the bottom shield gap layer 
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4 and the top shield gap layer 8. On the top shield gap layer end face of the stack pattern consisted of the pinned layer 52, 

8, a top shield-cum-bottom pole (hereinafter referred to as a the nonmagnetic metal layer 53 and the £ree layer 54 in the 
top shield layer) 9 of 1 to 4 /on in film thickness made of a direction of reproducing track width becomes a taper face 
magnetic material such as NiFe used for both the reproduc- 5A inclined to the direction of the stack. 

ing head 102 and the recording head 101 is formed. 5 Specific examples of the present invention are as foUows. 

On the top shield layer 9, a write gap layer 10 of 0.1 to 0^ The stack 5 corresponds to the "magneto-sensitive layer*'. 

fm in fikn thickness made of an insulating film such as The antiferromagnetic layer 51 corresponds to the "antifer- 

AI2O3 is formed. On the write gap layer 10, a first-layer-thin romagnetic layer" and the pinned layer 52 corresponds to the 

fikn coil 12 (fihn thickness is 2 to 3 /an) for recording head "ferromagnetic layer". The nonmagnetic metal layer 53 

and a photoresist layer 13 for covering the coil 12 are formed 10 corresponds to the "magnetic separation layer" and the fi-ee 

sandwiching a photoresist layer 11 of 1.0 to 5.0 fim in film layer 54 corresponds to the "soft magnetic layer". The stack 

thickness. On the photoresist layer 13, a second-layer-thia pattern consisted of the pinned layer 52, the nonmagnetic 

film coil 14 (film thickness is 2 to 3 /an) and a photoresist metal layer 53 and the free layer 54 corresponds to the "stadc 

layer 15 for covering the coil 14 are formed. Although, an pattern". 

example of two-layer thin film coil is given in the 15 ^j^^ antiferromagnetic layer 51, magnetic domain 

embodiment, one or more than two layers of thin film coil control films 500fl and 500/> are provided sandwiching the 

is also acceptable. ^^^^ pattern consisted of the pinned layer 52, the nonmag- 

Atop pole 16 of about 3 fan fihn Ihidc made of a magnetic netic metal layer 53 and the free layer 54 in the direction of 

material for recording head, for example, high-saturated flux reproducing track width. The magnetic domain control films 

density materials such as NiFe or FeN (iron nitride) is ^ 500a and 5006 arc provided to siq)press Barishausen noise 

formed to cover the photoresist layers 11, 13 and 15. by aligning the orientation of the magnetization of the ftec 

Although it is not shown in FIGS. 1 to 3, the top pole 16 is layer 54, that is, magnetize in single magnetic domain. The 

covered with an overcoat layer (a overcoat layer 17 in FIG. magnetic domain control fihns SOOfl and 5006 arc consisted 

13) of 20 to 30 /im film thick made of, for example, AI2O3. of two layers; one is magnetic domain control ferromagnetic 

The bottom shield layer 3, the bottom shield gap layer 4, ^ films 55fl and 55fe and the other is magnetic domain control 
the MR element 50, the top shield gap layer 8 and the top antiferromagnetic films 56fl and S6b deposited thereon, 
shield layer 9 form the reproducing head 102 for detecting Exchange coupHng on each interface between the magnetic 
information of a magnetic recording medium, that is, the domain control ferromagnetic film 55a and the magnetic 
signal magnetic field from the magnetic recording medium. domain control antiferromagnetic film 56a, and the mag- 
The reproducing head 102 detects a change in electric netic domain control ferromagnetic fihn 5Sb and the mag- 
resistance generated in the stack 5 by the signal magnetic netic domain control antiferromagnetic fihn 566 fixes the 
field from the magnetic recording medium. orientation of the magnetization of the magnetic domain 

The top magnetic shield portion (serve as a bottom pole) control ferromagnetic films 55a and 556, and thiis a bias 

9, the write gap layer 10, the coils 12 and 14 and the top pole 3^ magnetic field to the free layer 54 is produced. 

16 form the recording head 101 for recording information on The magnetic domain control ferromagnetic films S5a and 
a magnetic recording medium. The recording head 101 556 are made of a ferromagnetic material having magneto- 
produces magnetic flux to the top pole 16 and the bottom striction Xs within a range of -lSxlO~^<Xs<0. The magnetic 
pole 9 by current passing through the coils 12 and 14 and domain control ferromagnetic films 55a and 556 having 
magnetize the magnetic layer of the magnetic recording ^ such a magnetostriction Xs is made of NiFe (nickel-iron 
medium by magnetic flux produced around the write gap alloy: permalloy) containing within a range of 82 to 90% by 
layer 10 between the top pole 16 and the bottom pole 9. weight of Ni (nickel). For example, if the magnetic domain 

As illustrated in FIG. 2, the MR element 50 of the control ferromagnetic fihns 55a and 556 are made of NiFe 

embodiment comprises the stadc 5 which stacks an antifer- containing Ni by 85wt %, the ma^etostriction 'ks is -2xlCr 

romagnetic layer 51 made of, for example, PtMn (platinum- 45 ^' Incidentally, the magnetostriction As is -SxlO"** in the 

manganese), a pinned layer 52 which is a magnetic layer case of NiFe containing Ni by 86 wt %. 

made of, for example, Co (cobalt), a nonmagnetic metal The magnetic domain control antiferromagnetic fihns 56a 

layer 53 made of, for example, Cu (copper), and a free layer and 566 are made of an irregular base antiferromagnetic 

54 made of, for example, NiFe in the order named on the material such as FeMn (iron-manganese alloy). The inegu- 

bottom shield gap layer 4. The top surface of the free layer 50 lar base antiferromagnetic material can induce an exchange 

54 is covered with a protective layer 58 made of, for anisotropy magnetic field with a ferromagnetic material 

example, Cu. without heal treatment. 

Application of heat treatment at a temperature of 250** C, The magnetic domain control fenomagnctic films 55a and 

for instance, with the pinned layer 52 and the antiferromag- 556 may be made of NiFeCo (nickel-iron-cobalt alloy), 

netic layer 51 slacked, fixes the orientation of the magneti- 55 CoFe (cobalt-iron alloy), Fe or the like in addition to NiFe 

zation of the piimed layer 52 by exchange coupling on an mentioned above. The magnetic domain control antiferro- 

interfacc between the pinned layer 52 and the antiferromag- magnetic films 56a and 566 may be made of an Mn base 

netic layer 51. In the embodiment, the orientation of the material expressed by XMn (X denotes Ir, Rh, Ru, Ni, Pt, Cr 

magnetization of the pinned layer 52 is fixed in the direction and so on) or an oxide material such as NiO (nickel oxide), 

Y in FIG. 2. 60 CoO (cobalt oxide), Fe^Og (iron sesquioxide) or the like. 

The surface of the antiferromagnetic layer 51 of the stack The magnetic domain control films 500a and 5006 cor- 

5 is wider than each surface of the pinned layer 52, the respond to a specific example of the ''magnetic domain 
nonmagnetic metal layer 53 and the firce layer 54, The control film" of the invention. The magnetic domain control 
pinned layer 52, the nonmagnetic metal layer 53 and the free ferromagnetic films 55a and 556 correspond to a spedfic 
layer 54 are formed with selectively patterned on the center 6S example of the "magnetic domain control ferromagnetic 
of the antiferromagaedc layer 51 (in the direction of repro- film" of the invention and the magnetic domain control 
ducing track width). In the stad^ 5 of the embodiment, the antiferromagnetic fihns 56a and 566 correspond to a specific 
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example of the "magaetic domain control magnetization &x in the embodiment, so that the magnetizatioD of the mag- 

Ghn" of the invention. netic domain control ferromagnetic films 55a and 55i^ may 

orient the same direction as the compression strain. Since the 

Operation of MR Element and Composite Head compression strain and the bias meignetic field are parallel to 

Next, the operation (reproducing) of the MR element SO ' other the orientotion of magnetization is unch«^ed in 

J .u u ^ inn r u c n u magnetic domain control ferromagnetic fihns 55a and 

and the composite head 100 of s^ch a configuration will be A^oordingly, the bias magnetic fi^ 54c of the free 

descnbcd with reference to FIGS. 4 to 6, j^y^^ 54 ^ 3;;akcned. 

FIG. 4 illustrates the cross section of the MR element 5 as pjQ 5 iUustrates the relation of the external magnetic 

in FIG. 2 and shows the orientation of the magnetization of field H and the magnetization M produced in the magnetic 

a magnetic domain control film and a bias magnetic field of domain control ferromagnetic films 55a and 55ft. In FIG. 6, 

the free layer schematically. The orientation of the magne- Hex is exchange anisotropy magnetic field obtained by 

tization of the pinned layer 52 is fixed in the direction Y in exchange coupling of the magnetic domain control ferro- 

the drawing by an exchange anisotropy magnetic field magnetic to the magnetic domain control antiferromagnetic 

produced by exchange coupling on an interface between the film. During the operation of the composite head 100, the 

pinned layer 52 and the antiferromagnetic layer 51. Tbe external magnetic field H applied to the magnetic domain 

oriratation of the magnetization of the magnetic domain control fenomagnetic films 55a and SSb is assumed to be 

control ferromagDBtic fihns 55a and SSb is fixed in the about 0. 

direction indicated by an arrow 55c by the exchange anisot- In general, the greater the absolute value of magnetostric- 

ropy magnetic field Hex (FIG. 6) induced by exchange tion Xs is, the greater the coercive force He. As a result, 

coupling OD each interface between the magnetic domain hysteresis in a change of the magnetization M is large. If 

control ferromagnetic fihn 55^ and the magnetic domain hysteresis is large and tiie external magnetic field H is about 

control antiferromagnetic fihns 56fl of the magnetic domain 0 (the region E), the magnetization M of the magaetic 

control film 500a, and the magnetic domain control ferro- ^TJ^f Tt^^ ferromagnetic fihn can take two values (Ml 

magnetic fihn 55* and the magnetic domain control antifer- "^f. ^?)- ^^^i^' the magneUc domam control fenomag- 
romagnetic fihns 56fc of the magnetic domain control film ^ «?tic fihn may change mto either Ml or M2. As a result, the 

500fc A bias mametic field 54cis anolied to the free laver magnetizaUon apphed to the free layer may change mto 

Ia u ft f^^^ ^.^ iff ^ ^^yf ^ two values of Ml or M2 and thus the output of magnetic 

54 by the magnetic domain control ferromagnetic fihns 55a transducer may vary 

and 55Z>. The orientations of the bias magnetic field 54c of embodiment, however, the magnetostriction Xs is 

tiiefreelayer54aadof the magnetization of the pmned layer xlO-'<U<0 and tiie absolute value of the mag- 

52 orthogonahze each other. netostriction Is is smaller than -15xlO-^ This precludes 
Adetecting current (sense current) as a constant current is hysteresis in a change of the magnetization M from being 

fed through the pinned layer 52, the nonmagnetic metal layer large. That is, as illustrated in FIG. 6, if the extemal 

53 and the free layer 54 through lead layers 7a and lb in the magnetic field H is about 0 (the region E), the magnetization 
direction parallel to the bias magnetic field 54c. Receiving M of the magnetic domain control ferromagnetic films 55a 
the signal magnetic field from a magnetic recording and 55b always shows the constant value Ml. As a result, the 
medium, the direction of the magnetization of the free layer constant bias magnetic field is always applied to the free 

54 is changed. The current passing through the free layer 54 layer. This enables the stable reproducing output of the 
is si±)jected to the resistance in accordance with a relative composite head 100. 

angle between the orientation of the magnetization of the FIG. 7 illustrates the relation of the magnetostriction of 
free layer 54 and the fixed orientation of the magnetization ^ the magnetic domain control ferromagnetic fihns 55a and 

of the pinned layer 52 and the resistance is detected as a rate of variation m reproducing output of the 

voltage composite head 100. Many kinds of magnetic domain con- 

Next! the relation of a variation in output between mag- trol ferromagnetic filn^ having different magnetosta^^^^^ 

# ♦ • 1 * *u *• J • * I * prepared by changmg the composition of NiFe (film 

ne ostaetion Xs of ttie magnetic domain control ferromag- ^^^/^ ^ jO^im) forming the magnetic domain control 

netic fite 55a and 556 and the composite head 100 wdl be ferromagnetic flhns. Tlie mignetic domain control antifer- 

aescnoed. romagnetic film is formed of RuRhMn (ruthenium-rhodium- 

FIG, 5 illustrates the orientation of the magnetization of manganese) and has a fihn thickness of 15 nm. The constant 

the magnetic domain control ferromagnetic fihns 55a and external magnetic field from a magnetic recording medium 
55b and the bias magnetic field of the free layer 54 as seen 50 or the like is apphed to the composite head 100 and the rate 

from above of the MR element 50 (die direction indicated by of variation in reproducing output thereof is examined, 

an arrow V in FIG. 4). When the shield layers 3 and 9 (FIG. a result, as shown in FIG. 7, if the magnetostriction Xs 

1) are overlaid on the MR element 50 to make the repro- ^f die magnetic domain control ferromagnetic fihns 55a and 

ducmg head, the tensile stress F is apphed to the MR element 55^ ^ ^ ^^g^ -15xlO-^<)^<0, the rate of varia- 
50 m the direction orthogonal to the medium-facmg surface ss tion m reproducmg output is equal or less than 2%. This is 

S. At this tune tensile strain (strain in the direction of the gg^^raUy required substantial standard value of the rate of 

expansion Exp) parallel to tiie tensile stress F and compres- variation of reproducmg properties, 

sion strain (strain in the direction of the compression Com) ^ magnetostriction ?^ is witfiin a range of 

pen)endxcular to the tensile stress F are developed m the .lOxlO-«<)^<-lxlO-^ the rate of variation in reproducing 
rnagnetic domain control ferromagneUc films 55a and SSb eo ^^itput is equal or less tiian 1%. Furthermore, if the magn^ 

If the magnetosteiction Xs of the magnetic domam control ^^^^^^^ Xs is within a range of -8xlO-^<Xs<-2xlCr«fthe 

ferromagnetic films 55fl and SSb is positive, the orientation „o«o*;^,, ir, -^„oi t^^^ 

J X *- i_ . ^1 \.' ^ ^.t. i? rate or vanatioo m reproducing output is equal or less than 

01 magnetization changes because the magnetization thereof q 

may orient the same direction as the tensile strain. This 

weakens the bias magnetic field applied to the free layer 54. 65 A Method of Manufacturing a Composite Head 

In contrast, the magnetostiidion Xs of the magnetic A method of manufacturing the composite head 100 will 

domain control ferromagnetic fihns 55a and SSb is negative be described with reference to the FIGS. 8 to 18. FIGS. 8 to 
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13 illustrate sectLonal views perpendicular to the medium- and 556 are formed to sandwich the three layers; the pinned 

facing surface S of the composite head 100 (that is, the layer 52, the nonmagnetic metal layer 53 and the free layer 

section I — in FIG. 3). FIGS. 14 to 18 illustrate magnified 54. On the magnetic domain control ferromagnetic films 55a 

sectional views parallel to the medium-facing surface of the 55^, the magnetic domain control antiferromagnetic 

composite head (that is, the section II— II in FIG. 3). 5 56a and S6b are formed, respectively. 

In the method of manufacturing of the embodiment, first, ^h® magnetic domain control fenomagnetic films 55fl and 

as illustrated in FIG. 8, an insulating layer 2 made of, for are made of, for example, NiFe containing within a 

example, Al,03 (alumina) is deposited on the substrate 1 range of 82 to 90% by weight of Ni with a fihn tW^ 

made of, for example, Al^O^.) TiC (altic) in afilm thickness ^ : ^ niagnetostncUon %s of the 

of about 2 to 10 lO domain control ferromagneUc films 55a and 55fe 

• 1 .- I -1 r I.- ,j 1 r formed in such method is set to -15xlO"*'<Xs<0. The 

On the msulatmg layer 2, the bottom shield layer 3 for magnetic domain control antiferromagnetic films 56a and 

reproducing head made of a magnetic material is formed in S6b are made of an irregular base antiferromagnetic material 

a film thickness of 1 to 3 /an by, for example, plating. On the such as FeMn with a fihn thickness of about 15 nm, for 

bottom shield layer 3, AljOg or AIN is sputter-deposited in instance. 

10 to 100 fm fihn thick to form the bottom shield gap layer further, on the magnetic domain control antiferromag- 

4 as an insulating layer. netic films 56a and 565, the lead layers 7a and 7b are formed 
On the bottom shield gap layer 4, a stack film 105 for in a film thickness in the order of 100 to 200 nm. The lead 

forming the stack 5 is formed in a few nanometers fihn thick. layers 7a and 7b are formed as the stack films of Ta 

Specifically, as shown in magnified FIG. 14, on the bottom (tantalum) and Au (gold), Ti . W (titanium . tungsten alloy) 

shield gap layer 4, the antiferromagnetic layer 51, the pinned ^ and Co . Pt (cobalt . platinum alloy), or TiN (titanium 

layer 52, the nonmagnetic metal layer 53, the fin:e layer 54 nitride) and Co . Ft. 

and the protective layer 58 are stacked in the order named by Subsequentiy, the photoresist pattern 6a and a deposit D 

sputtering to form the stack film 105. (each material of the magnetic domain control ferromagnetic 

The antiferromagnetic layer 51 is formed of an antifer- films, the magnetic domain control antiferromagnetic films 

romagnetic material having a regular crystal structure such ^ and the lead layers) stacked thereon arc removed by lift-off. 

as PtMn or the like to a fihn thickness of about 20 nm. The As illustrated m FIGS. 10 and 18, the top shield gap layer 

pinned layer 52 is formed of, for example, Co or the like to 8 made of an insulating film such as AIN is formed in a film 

a film thickness of about 2 nm. The Donmagnetic metal layer thickness in the order of 50 to 100 nm to cover the bottom 

53 is formed of, for example, Cu or the like to a film shield gap layer 4 and the stack 5 and the stack 5 is buried 

thidcness of about 2.5 nm. The free layer 54 is formed of, for in the shield gap layers 4 and 8. 

example, NiFe or the like to a fihn thickness of about 8 nm. On the top shield gap layer 8, the top shield layer 9 made 

Id FIG. 14, each film thickness of the antiferromagnetic of a magnetic material and used for both reproducing and 

layer 51, the piimed layer 52, the nonmagnetic metal layer recording heads is then formed in a film thickness of about 

53 aod the free layer 54 is illustrated thicker than that of ^ 1 to 4 /«n. 

other layers. As illustrated in FIG. U, on the top shield layer 9, an 

The material of the antiferromagnetic layer 51 can be insulating layer, for example, the write gap layer 10 made of 

selected from PtMn having a composition of 47 to 52 wt % alumina fihn is formed with 0.1 to 05 ^m fihn thick. On the 

Ft and 48 to 53 wt % Mn (most preferably, 48 wt % Pt and write gap layer 10, the photoresist layer 11 for determining 

52 wt % Mn), PtMnRh having a composition of 33 to 52 wt ^ the throat height is formed with about 1.0 to 2.0 /an fihn 

% Pt, 45 to 57 wl % Mn and 0 to 17 wt % Rh (most thick ma predetermined pattem. On the photoresist layer 11, 

preferably, 40 wt % Pt, 51 wt % Mn and 9 wt % Rh), and a first-layer-thin film coil 12 for inductive type recording 

RuRhMn havmg a composition of 0 to 20 wt % Ru, 0 to 20 head is formed with 2 to 3 /an fihn thick. Subsequentiy, the 

wt % Rh, and 75 to 85 wt % Mn (most preferably, 3 wt % photoresist layer 13 is formed in a predetermined pattem to 

Ru, 15 wt % Rh, 82 wt % Mn). cover the photoresist layer 11 and the thm film coil 12. On 

The protective layer 58 is formed of one material either the photoresist layer 13, a secood-layer-lhin film coil 14 is 

single layer fihn selected from Cu, Al, Rh (rhodium), Ru formed with 2 to 3 /on film thick. Next, the photoresist layer 

(mthenium), Pt, RuRhMn, PtMn (platinum-manganese), 15 is formed in a predetermined pattem to cover the pho- 

PtMnRh (platinum-manganese -rhodium) and TiW toresist layer 13 and the thin fihn coil 14. 

(titanium-tungsten) or two layered film selected from 50 As illustrated in FIG. 12, in the rear of the coils 12 and 14 

Ta/PtMn, Ta/Cu, Ta/Al, Ta/Ru, TiW/Cu, TiW/Rh and TiW/ (the right side in FIG. 14), the opening 10a is formed by 

Ru (the *7' between elements denotes the stack of elements). partiy etching the write gap layer 10 to form a magnetic path. 

As illustrated in FIGS. 9 and 15, a photoresist pattem 6a The top pole 16 made of a magnetic material for recording 

is selectively formed on the stack fihn 105 where the stack heads, for example, high saturated flux density materials. 

5 is formed. At this tune, the photoresist pattern 6a has, for 55 such as NiFe or FeN is then paltem-formed in a fihn 
example, T shaped section to make later-described lift-off thickness of about 3 /im to cover the write gap layer 10, the 
easier. opening 10a and the photoresist layers 11, 13 and 15. Hie 

As illustrated in FIG. 16, using the photoresist pattern 6a top pole 16 is in contact with and is magnetically coupled to 

as a mask, the stack 5 is formed by etching the stack film 105 the top shield layer (bottom pole) 9 in the opening 10a rear 

by ion milling using, for example, Ar (argon) or the like. At eo of coils 12 and 14. 

Uiis time, the etching depth needs to be set not to reach the As illustrated in FIG. 13, the write gap layer 10 and the 

antiferromagnetic layer 51 and thus a pattem consisted of top shield layer (bottom pole) 9 are etched by ion milling 

the pinned layer 52, the nonmagnetic metal layer 53, the free using the top pole 16 as a mask. On the top pole 16, the 

layer 54 and the protective layer 58 is formed on the overcoat layer 17 made of, for example, alumina is formed 

antiferromagnetic layer 51, 65 m a film thickness of 20 to 30 /an. 

As illustrated in FIG. 17, on the antiferromagnetic layer Exchange coupUng is induced on an interface between the 

51, the magnetic domain control ferromagnetic films 55a antiferromagnetic layer 51 and the pinned layer 52 to fix 
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(pinning) the orieotatLon of the magnetic field of the pinned The taper 5 A is formed in the end face of the stack pattern 

layer 52. Specifically^ using a chamber with a magnetic field consisted of the pinned layer S2, the nonmagnetic metal 

producing apparatus, the composite head 100 is heated to a layer 53 and the free layer 54. Compared to the peipendicu- 

blocking temperature (a possible temperature generating hr end face, the contact area of the stack 5 and the magaetic 

exchange coupling on interface) of the antiferromagnetic 5 domain control films 500fl and 5006 is widened. This further 

layer 51 and the pinned layer 52 to apply a magnetic field educes the electrical contact resistance, 

with a predetermined orientation of magnetization (the ... - , , , . ^ , 

dircctionindicatcdby YinnGS.lor2)tothepinncdlayer Although the mvenUoD has been described by some 

52 r Mr ^ embodiments, the mvention is not limited to the foregoing 

— * • 1 r»4»jr KT-k* J r embodiments but can be variously modified. For example. 

The material, PtMn or NiMn, used for the antiferromag- ^ * ,1 ^ 1 i^ ^2 1 

^•1 ff-i r J' \ ■ i. T . the magaetic domain control ferromaenetic films 55fl and 

oetic layer 51 of the embodiment comprises a CuAu.1 type cck f u j * ^1 ^^^^^^'^^^^ -^^u ^mu 

regular crystal structure and therefore the above^escrib^ f^^"^ ' bc siM as the magneUc 

heat treatment is required to induce exchange coupling. ^^^^ ^o^t^olSlin instead of stackm^^ 

However, it is also possible to use an irregular type anti^- ferromagnetic fihns SSa and 556 and the magneUc 

romagnetic material such as FeMn as the antife^gnetic ,5 domain control anUferrom 

layer 51 Qike the magnetic domain control antiferromag- ^ («^^al -platmum), <^PtC> (coba^^^^^^^^ - 

netic fihns 56a and 56^. In this case, the heat treatment for ^^^"^^^ SmCo (samarium cobalt), NdFeB (neodymimn- 

inducing exchange coupling can be omitted. T^^f^ '^u T Tl^' ^ "^T^ u """^ """"^^^ 

A.I. t? .u A ^ • u ■ fi^- Preferably, the film thickness of the hard magael fihn 

At last, machme the slider and form the air bearing is 5 to 100 nm. The magnetic domain control film cTbe also 

surface of the recording and reproducing heads and then the 20 made of only the hard magnet film satisfymg the condition 

composite head 100 is completed. magnetostriction Xs (XlO-«<Xs<0) 

Effects According to the Embodiment In the above-mentioned embodiment, the magnetic 

As described, according to the embodiment, the magne- domain control antiferromagnetic films 56a and S6b are 

tostriction Xs of the magnetic domain control ferromagnetic ^ formed of an irregular base antiferromagnetic material and 

films 55fl and 55ij of the magnetic domain control fihns 500fl ^e antiferromagnetic layer 51 is made of a regular base 

and SOOfc is within a range of -15xlO"^<Xs<0. This sup- antiferromagnetic material. However, the magnetic domain 

presses hysteresis in a change of the magnetization of the control antiferromagnetic films 56fl and S6b may be made of 

magnetic domain control ferromagnetic films 55a and 55!?. ^ regular base antiferromagnetic material and the antiferro- 

As a result, the bias magnetic field apphed to the free layer ™^S^etic layer 51 may be made of an irregular base anti- 

becomes stable and the rate of variation in reproducing ferromagnetic material. In this case, heat treatment is 

output is limited to equal or less than 2%. required for exchange coupling of the magnetic domain 

The magnetic domain control ferromagnetic films SSa and control antiferromagnetic fihns 56a and S6b to the magnetic 

SSb are made of NiFe containing within a range of 82 to 90% domain control ferromagnetic fihns 55a and SSb and no heat 

by weight of Ni. This enables the above-described magne- 35 treatment is required for exchange coupling of the antifer- 

tostriction Xs of -15xia~^<Xs <0. ' romagnetic layer 51 to the pinned layer 52. 

The magnetic domain control ferromagnetic films 55a and ^e magnetic domain control antiferromagnetic films 

55/? are formed of an irregular base antiferromagnetic mate- "id the antiferromagnetic layer 51 may be 

rial. This enables to induce exchange coupling on each formed of a regular base antiferromagnetic material In this 

interface between the magnetic domam control ferromag- 40 ^^^^ treatment is required for botii exchange coupling 

netic film 55a and the magnetic domain control antiferio- °f magnetic domain control antiferromagnetic films 56a 

magnetic film 56a and the magnetic domain control ferro- ^e magnetic domain control fenomagaetic films 

magnetic film 556 and the magnetic domain control . antiferromagnetic kyer 51 to the 

antiferromagnetic fihn 56ft without heat treatment. As a pinned layer 52. As a result, the required temperature (a 

result, the magnetization of the pinned layer 52 of the stack 45 blockmg tcanperature) for exdiange coupling of the mag- 

5 heat-treated for fixing the orientation of magnetization is °etic domain control antiferromagnetic films 56a and 566 to 

unchanged during heat treatment for fixing the orientation of ^e magnetic domain control ferromagnetic films 55a and 

the magnetization of the magnetic domain control ferromag- ^e antiferromagnetic layer 51 to the pinned layer 

oetic films. 52 need to be different. 

The rate of variation in reproducing output is limited to 50 ^e MR element 50 (FIG. 2) of the above-mentioned 

equal or less than 1% by setting the magnetostriction Xs of embodiment, the pinned layer 52, the nonmagnetic metal 

the magnetic domain control ferromagnetic films 55fl and l^iyer 53 and the free layer 54 are stacked on the antiferro- 

556 to -10xlO"'^<Xs<-lxlO"^. In addition, the rate of varia- magnetic layer 51 in tiie order named; however the order 

tion in reproducing output is limited to equal or less than niay be inverted. Namely, as illustrated in FIG. 19, the 

0.5% by setting the magnetostriction Xs of magnetic domain 55 structure that the free layer 54, the nonmagnetic metal layer 

control fenomagnetic films 55fl and SSb to -8xlO"*<Xs<- 53 and the pinned layer 52 are stacked on the antiferromag- 

2x10"**. netic layer 51 in this order is possible. 

The magnetic domain control films 500a and 500b are lu each above-mentioned embodiment, although the 
formed on the antiferromagnetic layer 51 to sandwich the description is made for the case where the magnetoresistive 
stack pattern consisted of the. pinned layer 52, the nonmag- 60 element of the invention is used for a composite type thin 
netic metal layer 53 and the free layer 54. As a result, the fihn magnetic head, the magnetoresistive element of the 
contact area of the stack 5 and the magnetic domain control invention can be used only for a reproducing thin film 
films 500a and 5006 (only the contact area of the antifer- magnetic head. In addition, the stack order of the recording 
romagnetic layer 51 and the magnetic domain control films and the reproducing heads may be inverted. 
500a and 5006) is widened and therefore the electrical 65 In each above-mentioned embodiment, although the mag- 
contact resistance between the stack 5 and the magnetic netic separation layer is the nonmagnetic metal layer (for 
domain control films 500a and 5006 is reduced. example, Cu), an insulating layer may be used instead of the 
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Donmagnetic metal layer. Id this case, the above-mentioned 
embodiment is applied to the tunnel junction magnetoresis- 
tive film (TMR film). 

The magnetoresistive element of the invention can be 
applied to a sensor detecting a magnetic signal, a memory 
storing a magnetic signal and the like, for instance in 
addition to the thin film magnetic head of above- mentioned 
embodiments. 

As described, according to the magnetic transducer and 
the thin film magnetic head of tlie invention, the magneto- 
striction Xs of the magnetic domain control ferromagnetic 
film is within a range of -15xlO"^<Xs<0. As a result, 
hysteresis in a change of the magnetizaion of the magnetic 
domain control ferromagnetic film for an external magnetic 
field is suppressed. This enables stable bias magnetic field 
applied to the magneto-sensitive layer and to limit the rate 
of variation in reproducing output of the magneto-sensitive 
layer equal or less than 2%. 

According to the magnetic transducer of the invention, the 
magnetic domain control ferromagnetic film is made of NiFe 
containing within a range of 82 to 90% by weight of Ni, As 
a result, the magnetostriction Xs of the ferromagnetic film 
can be set to -15xlO"^<Xs<0 as described above. 

According to the magnetic transducer of the invention, the 
magnetic domain control magnetization fix film for fixing 
the orientation of the magnetization of the magnetic domain 
control ferromagnetic film is made of an irregular base 
antiferromagnetic material. As a result, exchange coupling 
can be induced on an interface between the magnetic domain 
control ferromagnetic film and the magnetic domain control 
magnetization fix film without heat treatment. 

According to the magnetic transducer and the methods of 
manufactudng the magnetic transducer and the magnetic 
head of the invention, the stack pattern consisted of the soft 
magnetic layer, the magnetic separation layer and the fer- 
romagnetic layer and the magnetic domain control film are 
formed on the antiferromagnetic layer of the magneto - 
sensitive layer. As a result, the contact area of the magneto - 
sensitive layer and the magnetic domain control film (only 
the contact area of the antiferromagnetic layer and the 
magnetic domain control film) is widened and therefore the 
electrical contact resistance between the magneto-sensitive 
layer and the magnetic domain control film is reduced. 

Furthermore, according to the magnetic transducer of the 
invention, the magnetostriction Xs of the magnetic domain 
control ferromagnetic film is set to -10xlO"'^<Xs<-lxlO"** 
and therefore the rate of variation in reproducing output 
tiiereof is limited to equal or less than 1%, 

Moreover, according to the magnetic transducer of the 
invention, the magnetostriction Xs of the magnetic domain 
control ferromagnetic film is set to -^xlO~^<Xs<-2xlO~^ 
and therefore the rate of variation in reproducing output 
thereof is limited to equal or less than 0.5%. 

Obviously many modifications and variations of the 
present ioventioD are possible in the light of the above 
teachings. It is therefore to be understood that within the 
scope of the appended claims the invention may be practiced 
otherwise than as specifically described. ^ 

What is claimed is: 

1, A magnetic transducer comprising: 

a magneto-sensitive layer detecting an extemal magnetic 
field; and 

a magnetic domain control film applying a longitudinal 65 
bias magnetic field to the magneto-sensitive layer, the 
magneto-sensitive layer fiirther comprising: 
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a magneto-separative layer; 

a soft magnetic layer formed on one side of the 
magneto-separative lay^, Uie orientation of magne- 
tization of the soft magnetic layer being freely 
changed by an extemal magnetic field; 

a ferromagnetic layer formed on the other side of the 
magneto-separative layer; and 

an antifenomagnetic layer formed on the ferromagnetic 
layer on the side opposite to the magneto-separative 
layer, and 

the magnetic domain control film further comprising: 
a magnetic domain control ferromagnetic film made of 

a ferromagnetic material; and 
a magnetic domain control magnetization fix film for 

fixing the orientation of the magnetization of the 

magnetic domain control ferromagnetic film, 
wherein a magnetostriction Xs of the magnetic domain 

control ferromagnetic film is within a range of -15x 

15xlO-'^<Xs<0. 

2. A magnetic transducer according to claim 1, wherein 
the magnetic domain control ferromagnetic film is formed 
including nickel-iron alloy (NiFe) containing within a range 
of 82 to 90% by weight of nickel. 

3. A magnetic transducer according to claim 1, wherein 
the magnetic domain control magnetization fix film is 
formed of an antiferromagnetic material. 

4. A magnetic transducer according to claim 3, wherein 
the magnetic domain control magnetization fix film is 
formed of an irregular base antiferromagnetic material. 

5. A magnetic transducer according to claim 3, wherein 
the magnetic domain control magnetization fix film is 
formed of a material inducing an exchange anisotropy 
magnetic field on an interface between the magnetic domain 
control magnetization fix film and the magnetic domain 
control ferromagnetic film when the magnetic domain con- 
trol magnetization fix film and the magnetic domain control 
ferromagnetic film are overlaid and requiring no heat treat- 
ment for inducing the exchange anisotropy magnetic field. 

6. A magnetic transducer according to claim 1, wherein a 
stack pattern including the ferromagnetic layer, the 
magneto-sq)arative layer and the soft magnetic layer is 
formed on the antiferromagnetic layer, and the magnetic 
domain control film is formed laterally adjacent to the stack 
pattern on the antiferromagnetic layer. 

7. A magnetic transducer according to claim 1, wherein 
the magnetostriction Xs of the magnetic domain control 
ferromagnetic film is within a range of -10xlO"'^<Xs<-lx 
10-^ 

8. A magnetic transducer according to claim 1, wherein 
the magnetostriction Xs of the magnetic domain control 
ferromagnetic fihn is witiiin a range of -8xlO"*'<Xs<-2x 
10"^ 

9. A magnetic transducer comprising: 

a magneto-sensitive layer detecting an extemal magnetic 
field, the magneto-sensitive layer further comprising: 
a magneto-separative layer; 

a soft magnetic layer formed on one side of the 
magneto-separative layer, the orientation of magne- 
tization of the soft magnetic layer being freely 
changed by an extemal magnetic field; 

a ferromagnetic layer formed on the other side of the 
magneto-separative layer; and 

an antiferromagnetic layer formed on the ferromagnetic 
layer on the side opposite to the magoeto-separative 
layer; and 

a magnetic domain control film applying a longitudinal 
bias magnetic field to the magneto-sensitive layer, the 
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. magnetic domain cxintrol film including a magnetic 
film having a magnetostriction >s within a tango of 
-15xlO-^<Xs<0, 

10. A thin film magnetic head comprising: 
a magnetic transducer having a magneto -sensitive layer 

detecting an external magnetic field, the magneto- 
sensitive layer including: 
a magneto -separative layer; 

a soft magnetic layer formed on one side of the 
magneto-separative layer, the orientation of magne- 
tization of the soft magnetic layer being freely 
changed by an external magnetic field; 

a fenomagnetic layer formed on the other side of the 
magneto-separative layer; and 

an antiferromagnetic layer formed on the ferromagnetic 
layer on the side opposite to the magneto -separative 
layer; and 

a magnetic domain control film applying a longitudinal 
bias magnetic field to the magneto-sensitive layer, the 
magnetic domain control film including: 
a magnetic domain control ferromagnetic film made of 

a ferromagnetic material; and 
a magnetic domain control magnetization fix film for 
fixing the orientation of the magnetization of the 
magnetic domain control ferromagnetic film, 
wherein a magnetostriction Xs of the magnetic domain 
control ferromagnetic film is within a range of -15x 
10-^<Xs<0. 

11. A thin film magnetic head comprising: 
a magnetic transducer having a magneto-sensitive layer 

detecting an external magnetic field, the magneto - 
sensitive layer further comprising: 
a magneto-separative layer; 

a soft magnetic layer formed on one side of the 
magneto-separative layei; the orientation of magne- 
tization of the soft magnetic layer being freely 
changed by an external magnetic field; 

a ferromagnetic layer formed on the other side of the 
magneto-separative layer; and 

an antifenomagnetic layer formed on the ferromagnetic 
layer on the side opposite to the magneto-separative 
layer; and 

a magnetic domain control film applying a longitudinal 
bias magnetic field to the magneto -sensitive layer, the 45 
magnetic domain control film including a magnetic 
fihn having a magnetostriction within a range of 
-15xlO-*<Xs<0. 

12. A method of manufacturiDg a magnetic transducer 
including the steps of: 

stacking an antiferromagnetic layer, a ferromagnetic 
layer, a magneto-separative layer and a soft magnetic 
layer on a substrate in the order named; 

patterning the ferromagnetic layer, the magneto - 
separative layer and a soft magnetic layer to form a 
stack pattern including these three layers; and 

forming a magnetic domain control film for applying a 
longitudinal bias magnetic field to the stack pattern and 
including a magnetic film having a magnetostriction Xs 
within a range of -15xlO~^<Xs<:0, laterally adjacent to 
the stadc pattern on the antiferromagnetic layer. 
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13. A method of manufacturing a magnetic transducer 
according to claim 12, wherein the step of patterning is 
performed using ion milling. 

14. A method of manufacturing a thin film magnetic head 
comparing a magnetic transducer having a magneto- 
sensitive layer detecting an external magnetic field and a 
magnetic domain control film applying a longitudinal bias 
magnetic field to the magneto-sensitive layer, wherein the 
magnetic transducer is formed by the steps of: 

stacking an antiferromagnetic layer, a ferromagnetic 
layer, a magneto-separative layer and a soft magnetic 
layer on a substrate in the order named to form the 
magneto-sensitive layer, 

patterning the ferromagnetic layer, the magneto - 
separative layer and a soft magnetic layer to form a 
stack pattern including these three layers; and 

forming a magnetic domain control film for applying the 
longitudinal bias magnetic field to the magneto- 
sensitive layer and including a magnetic film having a 
magnetostriction Xs within a range of -15xl(r**<Xs<0, 
laterally adjacent to the stack pattern on the antiferro- 
magnetic layer. 

15. A magnetic transducer comprising a magneto- 
sensitive layer detecting an external magnetic field and a 
magnetic domain control film applying a longitudinal bias 
magnetic field to the magneto-sensitive layer, the magnetic 
domain control film including: 

a magnetic domain control ferromagnetic film made of a 
ferromagnetic material; and 

a magnetic domain control magnetization fix film formed 
of an inegular base anti-ferromagnetic material for 
fixing the orientation of the magnetization of the mag- 
netic domain control ferromagnetic film, 

wherein the magnetostriction Xs of the magnetic domain 
control ferromagnetic film is within a range of -15x 
10-°<Xs<0. 

16. A magnetic transducer comprising a magneto- 
sensitive layer detecting an external magnetic field and a 
magnetic domain control film applying a longitudinal bias 
magnetic field to the magneto -sensitive layer, the magnetic 
domain control film including: 

a magnetic domain control ferromagnetic film made of a 
ferromagnetic material; and 

a magnetic domain control magnetization fix fihn formed 
of an anti-fenomagnetic material for fixing the orien- 
tation of the magnetization of the magnetic domain 
control ferromagnetic film, the anti-ferromagnetic 
material inducing an exchange anisotiopy magnetic 
field on an interface between the magnetic domain 
control magnetization fix film and the magnetic domain 
control ferromagnetic film when the magnetic domain 
control magnetization fix film and the magnetic domain 
control ferromagnetic film are overlaid, and the anti- 
ferromagnetic material requiring no heat treatment for 
inducing the exchange anisotropy magnetic field, 

wherein the magnetostriction Xs of the magnetic domain 
control ferromagnetic film is within a range of -15x 
10-*^<Xs<0. 
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